Objective: Human papillomavirus (HPV) infection is the most important risk factor for cervical cancer, which progresses from precursor lesions with no symptom if left untreated. We compared the risk of cervical dysplasia among HPV-positive Korean women based on HPV types and infection patterns. Methods: We observed participants of a 5-year multicenter prospective cohort study, comprising HPV-positive women with either atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion of the cervix at their enrollment. Follow-ups, comprising cytology and HPV DNA testing results, were included in the final analysis. Incidence was calculated for each infection pattern (persistent infection, incidental infection, and clearance). To investigate cervical dysplasia risk, we used Cox proportional hazard models adjusted for variables that were significantly different among infection patterns. From April 2010 to September 2017, 71 of 1,027 subjects developed cervical dysplasia more severe than high-grade squamous intraepithelial lesion of the cervix. Results: Of these 71 subjects, persistent infection, incidental infection, and clearance were noted in 30, 39, and 2 individuals, respectively. Based on changes in DNA results during follow-up, cumulative incidence was 27.2%, 10.4%, and 0.5% for persistent infection, incidental infection, and clearance, respectively. Compared to clearance, the adjusted hazard ratios for cervical dysplasia were 51.6 and 24.1 for persistent and incidental infections, respectively (p<0.001). Conclusion: Individuals persistently infected with the same HPV types during the follow-up period had the highest risk of severe cervical dysplasia. Hence, it is necessary to monitor HPV types and infection patterns to prevent severe cervical precancerous lesions. 
INTRODUCTION
Cervical cancer is a malignancy originating in the transformation zone of the cervix that involves abnormal cellular changes. In Korea, cervical cancer is the sixth most common cancer in women, after excluding thyroid cancer, which tends to have a high incidence as it is overdiagnosed. Despite an average annual decrease of 3.7% in cervical cancer incidence from 1999 to 2015, a total of 3,582 women were newly diagnosed with cervical cancer in 2015. This resulted in an age-standardized incidence rate of 9.1 per 100,000, calculated using the Segi's world standard population [1] . It is well known that human papillomavirus (HPV) infection is a necessary as well as the most common cause of cervical cancer, which can progress from precursor lesions (if left untreated) even after several years [2] . This precancerous stage, irrespective of severity, is very challenging to detect owing to the absence of symptoms in the infected individual.
More than 100 different HPV genotypes have been characterized so far, and approximately 40 of these are known to infect basal epithelial cells, causing benign and malignant lesions in the genital regions [3] . Many epidemiological studies led to the classification of oncogenic types that confer a high risk for progression of cervical intraepithelial lesions to cervical cancer. In many countries, HPV-16 and HPV-18 are considered the most common high-risk HPV types that cause most of cervical cancers that develop from precancerous cervical lesions [4] . Based on the risk associated with the HPV types, 3 kinds of vaccines are currently available for use: a bivalent vaccine targeting HPV-16 and HPV-18; a quadrivalent vaccine targeting the 2 most carcinogenic types (HPV-16/18) and 2 low-risk types (HPV-6/11); and a nonavalent vaccine targeting 5 more carcinogenic types (HPV-31/33/45/52/58) in addition to the 4 types (HPV-16/18/6/11) [5] .
The geographical variations observed among the common HPV types is still unclear. Therefore, recognizing the prevalent types among specific populations is necessary for designing prophylactic HPV vaccines for effectively preventing cervical cancer [6, 7] . The risk of cervical carcinogenesis may depend on the type of HPV and the diversity of infection patterns [8] . Determining the contribution of HPV genotypes to cervical carcinogenesis will help estimate the potential impact of vaccines and cancer screening programs.
Hence, in this study comprising HPV-positive women from a Korean HPV cohort study, we aimed to evaluate the risk of cervical dysplasia based on infection patterns and types of HPV.
MATERIALS AND METHODS
This cohort study was conducted at 7 different university obstetrics and gynecology clinics nationwide, since 2010 [9] . We enrolled women aged 20 to 60 years who were HPV-positive, with either atypical squamous cells of undetermined significance (ASCUS) or low-grade squamous intraepithelial lesion (LSIL) of the cervix at the time of enrollment. Women who had undergone hysterectomy previously, were treated for cervical intraepithelial neoplasia (CIN) within the last 6 months of enrollment, were diagnosed with any cancer type or coexisting malignancies, had been affected by psychological disease and were currently undergoing treatment, or were pregnant at the time of enrollment were excluded from the study. In this study, participants who did not develop the severe precancerous stage during the follow-up period (maximum 5 years) were categorized as having non-progressive disease. The study was approved by the Institutional Review Boards (Cheil General Hospital and Women's Healthcare Center of the Dankook University: CGH-IRB-2010-13, Busan Paik Hospital of the Inje University: 11-117, Seoul St. Mary's Hospital of the Catholic University: KC10ONME0075, Dongsan Medical Center of the Keimyung University: 2011-11-099, Guro Hospital of the Korea University: KUGH16066-001, and Chonnam University Hospital: CNUHH-2015-026) and informed consent was obtained from each study participant.
To evaluate the presence of CIN, colposcopy-directed biopsies were performed at initial presentation and during follow-up. At the time of enrollment, patients having a diagnosis with chronic inflammation or CIN 1 were included in this study, and those having a lesion as greater than CIN 2 were not included although their cytologic results were either ASCUS or LSIL. During follow-up, patients having cytologic results indicative of conditions worse than high-grade squamous intraepithelial lesion were confirmed the presence of CIN by biopsy. If patients diagnosed with a lesion worse than CIN 2, those were terminated from this study while the patients diagnosed having CIN 1 remained as follow-up participants. For HPV genotyping at the initial visit, two different DNA microarray techniques were used based on the participating hospital. Cheil General Hospital used the Cheil HPV DNA Chip Kit (Cheil General Hospital, Seoul, Korea) and all of other participating hospitals used the method named Anyplex™ II HPV 28 detection (Seegene Inc., Seoul, Korea). During the follow-up examinations, Cheil General Hospital served as a central laboratory and performed HPV genotyping uniformly with the collected samples from the participating hospitals using a Cheil HPV DNA Chip Kit.
Among the 1,409 subjects recruited, from April 2010 to September 2017, 382 subjects were excluded owing to the following: the lack of information about HPV genotype at enrollment (n=188), HPV DNA test results obtained only once at the time of enrollment (n=186), and lack of response to surveys (n=8). A total of 1,027 subjects were selected in the final analysis: 578 (56.3%) with ASCUS and 449 (43.7%) with LSIL. The follow-ups, with results of cytology and HPV DNA testing, were included in the final analysis. We analyzed the cytological and histological data obtained from each follow-up, which took place at 6-month intervals. Demographic and behavioral information was obtained via self-administered questionnaires and interview surveys every year. Enrolled participants who were diagnosed with a lesion classified as more severe than cervical intraepithelial neoplasia 2 (CIN 2+) by colposcopically directed biopsy were not followed up further in the course of this study. Based on oncogenicity in humans, the genotypes of HPV were classified as high-risk or low-risk [4] . Based on the results of HPV DNA testing at each visit, the HPV infection patterns were classified into 3 types: persistent infection, incidental infection, and clearance ( Fig. 1) . Cases in which infection at least 1 HPV genotype persisted during the follow-up period were classified as persistent infections. Cases where patients had undergone HPV DNA test only twice could not be categorized as persistent infections. Cases with changes in, disappearance of, or reoccurrence of HPV types during the follow-up period were categorized as incidental infections. This infection pattern also included participants who had been persistently infected with certain HPV genotype(s) until their second visit, but had not yet visited a third time. Lastly, clearance of infection was defined as a reversion to the uninfected state, without detection of any HPV type at the latest visit [9] .
The descriptive statistics were summarized using the t-test or analysis of variance for continuous data, and the χ 2 test for categorical data. The incidences were calculated for each HPV infection pattern (persistent infection, incidental infection, and clearance). To estimate the risk of cervical dysplasia, hazard ratios were calculated using Cox proportional hazard models, with adjustment for covariates, including age, marital status, drinking, menopause, oral contraceptive use, and the cumulative number of sex partners. The data were analyzed using SAS version 9.4 (SAS Institute, Cary, NC, USA), and a p-value of less than 0.05 was considered statistically significant.
RESULTS
The general characteristics of the study population (n=1,027) are described in Table 1 . The average follow-up period was 3.1 years, and the average age at the time of enrollment was 40.6 years. Majority of the subjects were married and lived with their spouses (63.4%), were current drinkers (70.0%), had not reached menopause (82.9%), and used oral contraceptives (83.8%).
The distribution of HPV genotypes in the study subjects is summarized in Fig. 2 . The percentage values for prevalence of each HPV type included cases of single infection as well as cases of multiple infections in which the particular HPV type was one of the infective agents. The most prevalent genotype was HPV-16 (9.8%), followed by HPV-58 (8.7%), HPV-56 (7.8%), HPV-53 (7.7%), and HPV-52 (6.5%). At the time of enrollment, the majority of identified genotypes were classified as high-risk HPV (76%), and the remaining genotypes were classified as low-risk HPV (16%) or other HPV types (8%). High-risk HPV-50s (HPV-51/52/53/56/58/59) were found to be most common among the high-risk genotypes, followed by other high-risk types The cases of a total of 1,027 study subjects were classified into 3 infection patterns, according to the maintenance or change in HPV genotypes during the follow-up period. There were 144 subjects with persistent infection (14.0%), 474 subjects with incidental infection (46.2%), and 409 subjects who showed clearance (39.8%). Comparison of the 3 groups showed that women with persistent infections were the oldest, with an average age of 42.9 years. This group had a relatively large proportion of women aged 50-60 years (29.2%), as well as women living with their spouses (71.3%), and who had reached menopause (26.4%). With respect to drinking status, more women with incidental infections were current drinkers (73.2%) ( Table 1) .
A total of 71 of the 1,027 subjects developed precancerous cervical dysplasia CIN 2+. Based on HPV infection patterns during the follow-up period, the incidence rates (cumulative incidence, incidence density) of progression to CIN 2+ were as follows: persistent infection, 27.2% (76.2 per 1,000 person-years); incidental infection, 10.4% (31.2 per 1,000 personyears); and clearance, 0.5% (1.4 per 1,000 person-years) ( Fig. 3 and Table 2 ). Individuals persistently infected with the same HPV type(s) during the follow-up period had the highest risk of severe cervical dysplasia. Out of 144 subjects having persistent infection, the lesions more severe than CIN2 developed in 30 subjects. The mean of survival time was 1.95 years until developing CIN 2+ in the 30 subjects whereas that of 114 persistently infected subjects without developing CIN 2+ was 3.29 years.
On comparison of the incidence rate for each risk factor, we found that the order of risk remained the highest for patients with persistent infections, followed by that for patients with incidental infection and clearance ( Cervical dysplasia risk in HPV-infected women developing CIN 2+ was approximately 50 times higher in patients with persistent infection (hazard ratio [HR]=51.6) and approximately 25 times higher in patients with incidental infection in which the HPV types were not found to persist during the follow-up (HR=24.1). Specifically, for the persistent infection pattern, the risk was the highest for infections with HPV-16/18 (HR=83.0), whereas it was relatively low for infections with high-risk HPV-50s (HR=42.3). In both the persistent and incidental patterns, subjects infected with more than 2 HPV types showed higher risk than those infected with a single HPV type ( Table 3) .
DISCUSSION
In the present study, both the incidence and risk of progression to CIN 2+ were the highest in subjects persistently infected with at least one type of high-risk HPV throughout the followup period, followed by the incidence and risk in cases of incidental infection and clearance. The risk of developing CIN 2+ was the highest in subjects persistently infected with HPV-16/18, and it increased if the subjects were infected with more than two types of high-risk HPVs at the same time.
Our findings were consistent with those of previous studies with respect to the following: persistent infection with high-risk HPV is necessary for the development of precancerous lesions [10] , and infections with HPV-16 and/or HPV-18 are associated with the highest risk of CIN [11] .Furthermore, the strength of risk for cervical dysplasia also depends on whether the subject is infected with single or multiple HPV types. For both persistent and incidental infection patterns, subjects infected with multiple high-risk HPVs had a higher risk than Cervical dysplasia risk in HPV-infected women those infected with a single high-risk HPV. Many reports have indicated that multiple HPV infections are associated with higher grades of cervical abnormalities, and the cervical cancer risk is higher in patients infected with multiple HPV types than in those infected with a single HPV type. Prospective studies have shown that infection with multiple highrisk HPV types acts synergistically in cervical carcinogenesis [12] . Moreover, cancers in patients infected with multiple HPV types could be more resistant to therapy than in those infected with a single HPV type. A related study reported that the treatment failure rate of cervical cancer patients infected with multiple HPV types was 5 times higher than that of patients infected with a single HPV type [13] . However, some studies have reported that infection with multiple HPV types does not affect either the incidence or severity of cervical cancer [14, 15] .
Some strengths of the present study are as follows: the study participants were recruited from 4 metropolitan cities in Korea rather than from only 1 area. To our knowledge, this is the first Korean HPV cohort study including a relatively large-scale assessment of the distribution of HPV types among HPV-positive women. Furthermore, the risk of developing severe cervical dysplasia was compared based on the prevalent genotypes and infection patterns. There have been various studies demonstrating the differences in HPV distribution between the Western and Eastern population [16] . HPV-58, while commonly found in East Asia, is a rare HPV type worldwide that accounts for only 3.3% of cervical cancer cases globally [17, 18] . In Asia, a larger proportion of cervical cancers are associated with HPV-58 and HPV-52 among rarer types excluding HPV-16 and HPV-18 [19] . In this study population, the genotypes of HPV-50s (HPV-58/56/53/52/51/59) were most commonly found. However, the high frequency of these genotypes was not associated with an increased risk for cervical precancerous lesions. With respect to the natural course leading to severe cervical dysplasia, the risk was relatively higher in subjects persistently infected with HPV-16/18 than in those infected with the HPV-50s.
Previous studies have demonstrated that immunological deficiency was a factor that induces development of malignant lesions, allowing higher rates of HPV persistence, suggesting that the presence of chronic inflammation with weakened cellular immunity may play a decisive role in accelerating the rate of progression, leading to cancer [20] . Therefore, variations in the immunity level of the patients may affect the acquisition or clearance of infection [21] . However, this study did not consider immunologic factors. Any measurements indicating the immunity level of the participants were not used in the present study.
Further study is required to determine the risk factors associated with progression of HPV infection to cervical cancer, specifically, among subjects with persistent infection. A detailed evaluation of subjects with persistent infections during the follow-up period may be a further step in the investigation of potential risk factors for HPV persistence, such as alcohol consumption, female-specific conditions including parity or long-time use of oral contraceptives, and sexual habits. For instance, a previous study, conducted in Korea, suggested that the synergistic effect of high-risk HPV and alcohol consumption increased the risk of viral persistence [22] .
In conclusion, the current study demonstrates that women persistently infected with multiple HPV genotypes during their follow-up periods had the highest risk of showing progression to the severe stage of cervical dysplasia. Among the high-risk genotypes, HPV-16 and HPV-18 were the most likely to cause CIN 2+, despite the HPV-50s being the most common in
